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A B S T R A C T
The homogeneous, liquid-liquid, non-isothermal chemical 
reaction of hydrogen peroxide and sodium thiosulfate in a 
perfectly mixed, continuous stirred tank reactor (CSTR) was 
studied in this research. The temperature profile of the 
transient response of the reactor from filling to steady- 
state plus an upset in concentration and/or flow rate was 
determined experimentally, A mathematical model of the system 
was developed and was calculated on the computer. The 
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I N T R O D U C T I O N
The continuous stirred tank reactor (CSTR) is one of 
the most coirmion types of chemical reactors. It is simple 
to construct and hence inexpensive. The temperature of the 
reactor is not difficult to control. Local hot spots are 
unlikely because of the stirring. The openness of the system 
enables easy cleaning. Furthermore, it is a continuous 
process.
With these advantages, CSTR is widely used in commercial 
applications, especially in liquid-phase reactions. It is 
also well studied. So, design equations can be found in 
practically all text-books dealing with chemical reactors.
It is a common practice to assume that a CSTR system is 
perfectly mixed and isothermal. A fair approximation to 
perfect mixing is not difficult to attain if the fluid phase 
is not too viscous (Denbigh, 1965). The isothermal assumption 
is generally good for reactions with small heat of reaction. 
However, with the increasing number of applicsitions of CSTR 
systems ’in the chemical industry and particularly in the 
production of plastics, explosives, synthetic rubber, etc..
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the isothermal assumption seldom holds. Reactions such as 
polymerization, sulphonation, nitration, generally involve 
high heats of reaction.
This research is designed to study the temperature-versus- 
time profile of the reactor. A non-isothermal reaction 
between hydrogen peroxide and sodium thiosulphate. is used 
because of the high heat of reaction (plus heat of mixing) of 
134,000 calories per mole of sodium thiosulphate. The study 
follows from the starting point of the empty reactor to the 
steady state and then, with an upset in concentration and/or 
flow rate to a new steady state. A mathematical model is 
developed by computer programming to predict the temperature.
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K I N E T I C S
Although the reaction between hydrogen peroxide and 
sodium thiosulphate is rather common, its kinetics and 
mechanism has been neither well studied nor verified. The 
reasons for using this particular reaction are listed in 
Spencer's (1961, p.74) thesis. No reaction with similar 
characteristics can be found.
Reaction Mechanism
The oxidation of thiosulphate by hydrogen peroxide has 
been studied by very few chemists, and mostly in the presence 
of a catalyst. The difficulty in the experimentation in 
following the reaction is a problem. Another problem is that 
the reaction is inorganic and involves several electron 
charge exchange, therefore, the reaction is expected to be 
complex. Furthermore, both the thiosulphate and peroxide are 
very reactive and may react via many different mechanisms.
Xatsimlrskii and Naryshkina (Porter, 1961, p.170), who 
studied the reaction in the presence of vanadate ion as a 
catalyst, assumed the validity of Brousted salt effect equation, 
and used it in elucidating the mechanism of the reaction. They 
interpreted the reaction of a single-charged cation such as 
(V02,H2 0 2)"** with the thiosulphate ion as the rate-determining
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step.
Abel (Priess and others, 1961, p.154) studied the reaction 
with the addition of a soluble iodide. He added the iodide as 
catalyst because hydrogen peroxide and thiosulphate ions 
reacted very slowly. The presence of iodide ion grea.tly accel­
erates the .reaction rate. Hence, he assumed the following 
mechanism.
+ I" = HgO + 10 (Ŷ  = k(H2 02)(l"), rate
determining step)
H*** + 10“" = HIO (Rapid, reversible)
HIO + H"** + I“" = I2 + H2O (Rapid, reversible)
I2 + ^^2^3^ = ^4^6~ 2I"“ (Complex, rapid)
2H'*' + H2O2 + 2820^" = S^o|~ + 2H2O (Stoichiometric)
However, no numerical value of k was given, and therefore 
there is no basis for comparison in order to evaluate his 
claim that the reaction between hydrogen peroxide and thio­
sulphate is very slow. The reaction is generally regarded as 
a fast one.
J.O. Edwards (1965, p.77) classified the reaction as via 
nonradical mechanism - nucleophilic displacement(8^2 )• He did 
not discuss the hydrogen peroxide and sodium thiosulphate in 
particular but did list thiosulphate ion as nucleophile.
J.L.° 8pencer (1961, p.97) assumed that the reacting solution 
remained neutral throughout the reaction. Then, he proposed
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Run No. {CONCENTRATION } pH Value Measured
H ^  ! Ha,S,o/ Approx. Time (sec)
20 S.S.
Expt. Procedure
1. 0.932M 0.932M 10.5— 12.0 — " 9 .0 — 10.5 NagSgO^ pour into
2 . 0.932M 0.932M 9 .6 —► 8 .8 -—  9.7— 10.0 HgOg pour into
NagSgO^
3. 0.932M 0.093M 10.5— 11 - 10.— - 5 .5 NagSgO^ pour into 
H2O2
4. 0.093M 0 .932M 9.7 — 9.0 -—  9.4— 9.9 HgOg pour into 
NagSgO^
5. Oo4#3M 0.443M 11.0 — 12 .0
10.5
— ^9.4 -— 9 .6 — *- NagSgO^ pour into 
^2°2
Table 1. pH values during the course of reaction in
a perfectly mixed batch reactor with 500 ml of 
each reactant ® one reactant was put in thé’ CSTR 
first and then the other was pour into the CSTR 
all at once.
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the following mechanism,
SNagSgO^ + 4H2O2 = 2Na2S206 + 2NaOH + 3H2O
(rate determining step)
4H2O2 + 2NaOH = ^ 280^ + SHgO
(Rapid)
About 4 percent of the sodium thiosulphate reacted in a 
parallel reaction according to the following equation,
Na2S20^ + H 2 O2  = Na2S20^ + HgO
This mechanism was proposed only to fit the experimental 
data v/hich Spencer obtained. The validity, if there is any, 
is totally based on the assumption that the solution remains 
neutral during the reaction. He did not verify his assumption 
in his research.
None of the above-mentioned references indicated the 
acidity of the reaction medium. All, except Spencer's article, 
are cross references. The original references are not available 
to this author. Hence, the details of their research such as 
starting temperatures, concentrations, etc., are not knov/n.
The pH value of the solution in the reactor was followed 
in this research. Several batch runs were made also. All of 
the runs were Aund to be basic (pH greater than 8,5) at all 
tim.-s except one. A summary of batch runs is tabulated in 
Table 1. Flow-system run results are presented in Appendix I.
The pH study suggested that this reaction has a complex 
mechanism because the pH value goes up and 'dovm during the. 
course of reaction. It is suspected that the mechanism differs
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when the starting concentrations or temperatures or both 
are different.
The acidity of the- reaction solution is also a very 
important factor. Any mineral acid added to the end product 
in an attempt to analyze the products has turned the solution
millcy — . formation of colloidal sulphur.
Furthermore, the dilute solution runs (about 0.17M) gave 
a clear, colorless solution as end products. The. more 
concentrated solution runs (above 0 .4M) resulted in a faint 
brov/nish color.
In conclusion, this reaction mechanism is very complex 
and varies according to the reacting conditions—^^starting 
concentrations, temperatures, etc. Few researchers have 
suggested a mechanism based on one unproven assumption. 
However, none have provided a satisfactory mechanism.
Rate Expression
Spencer (1961, p.105) gave the rate expression of the 
reaction as
1R 18300 r o']rate = 0.685 x 1 0 e" "“ÏÏT ~ C^)C + ,
where T = Temperature (^K) ,
Cbo = Initial H2O2 concentration (gm. moles/cm^) ,
Cq = Initial ITa2S20  ̂ concentration (gm. moles/cm^) ,
0=  Na2S20  ̂ concentration (gm. moles/cm^),
o{ = stoichiometric constant (moles H202/mole Na2S20,),
Rate of reaction is in the units of gm mole/l-sec.
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This expression is derived from his experimental work in 
a reaction system with hydrogen peroxide in excess,
Edwards (1965, p,77) stated the rate expression at 25^C 
in aqueous solution as
rate = IC2 (H2O2 ) (S20j=) +
where
o
kg = 2 .5 X 10" l/mole-sec,
P p
k^ = 1 .7 1 /mole -sec.
V/hen the two expressions were compared, Spencer's reaction
1R _ 18500
constant (0.685 x 10 e RT ) was computed at 25 0. The 
result is equal to 2.6025 x 10" l/rnole-sec which is close 
to Edwards' value, with only about a 4 percent difference. 
Therefore, the reaction constant expression of Spencer's is 
used in this research.
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E X P E R I M E N T A T I O N
The experimentation of this research is discussed under 
the following headings :





A schematic diagram is shown in Figure 1. Reagents were 
stored in 20-liter bottles and fed to the reactor by compressed 
air. Each bottle was stirred by a magnetic stirrer because the 
concentration at the top of the bottle differed from the bottom 
by about 10 percent. The bottles containing hydrogen peroxide 
was convered by aluminum foil to shield against light. The flov/ 
lines were 1/4- and 3/8- in. opaque tubing. Brass joints 
and regulators were used for sodium thiosulphate. Stainless 
steel regulators were used for hydrogen peroxide while 3/8-in. 
plastic tubing was used as joints.
Two F.& P. Co. Precision Bore Flow rators (Tube No. 01N - 
150A) were used with flow range of 0 to 360 ml per min. The 






is shown in Figure 2. Two 6-bladed impellers were used. The 
pH meter was Leeds & ITorthrup^s (cat. No. 7401) with the Sargent 
S-3OO7O-IO combination glass electrode. The recorder used was a 
dual-chs,nnel Koseley Autograf Model 7100 B strip chart Recorder. 
Copper-constantan thermocouple of gage 24 (Thermo Electric Co., 
Type P-24 DT) was used with an accuracy guarantee of + 1.5^E.
The thermocouple end was placed in a glass thermowell with a 
drop of mercury in it to improve conduction.
Reagents
Hydrogen peroxide was obtained from Van Maters & Rogers Co. 
in gallon plastic bottles. The concentration was 35 percent (130 
volume). Sodium thiosulphate was purchased from Allied Chemicals 
in a 100-lb bag. It was in prismatic rice form for manufacturing 
use. Both were diluted with distilled water provided in the 
laboratory.
Potassium iodide, sodium carbonate anhydrous, potassium 
dichrornate and potassium permanganate were all in 1-lb bottles 
of analytical grade in crystals or powder form. All were 
provided by Mallinckrodt Chemical Works. Sodium oxalate was bough 
in a i-lb bottle from Merck & Co. All mineral acids and 
indicators used were standard laboratory reagent grade.
Experimental Procedure:
The experiment was performed according to the steps 
listed in numerical order in the following.









2. Both the recorder and pH meter v/ere calibrated and were 
ready.
3. Air was introduced into the feed bottles at a given 
pressure.
4. All four flow regulators were adjusted to give the 
prescribed flow rate on the rotameters.
5. Three-way valves were turned to 'off position.
6. The stirrer motor for the reactor was turned on.
7. Both three-way valves were simultaneously switched to 
the correct flow streams (at the flow rate(s) set at 
step 4).
8. Chart drive of the recorder was turned on.
9. When steady state was reached, both three-way valves 
were simultaneously turned to the other flow streams.
10. V/hen new steady state was attained, both three-way 
valves were turned off.
11. All equipment was turned off. The reactor was emptied 
and cleaned.
Analytical Method
A summary of the analytical methods used for determining 
the concentrations of the solutions is given below. For detailed 
procedure, the original reference should be consulted.
Hydrogen peroxide concentration was found by the permanganate 
titration method. This method is one of the most exact and 
reliable of all the procedures commonly employed in the analysis 
of hydrogen peroxide(Schumb, and others, 1955» p. 553). Hydrogen 
peroxide samples of 10 ml, 5 ml or 2 ml were pipetted into a
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250-ml Erlenmeyer flask and diluted with distilled water to 
25 ml. One ml of concentrated sulfuric acid was added. The 
solution was then titrated with standardized 0.1 H potassium 
permanganate solution, at a rate not greater than 0,5 ml per 
sec, with constant stirring. The 0.IN potassium permanganate 
solution was prepared and standardized with sodium oxalate 
according to the methods given in Kolthoff and Sandell (l952, 
p. 564 - 56 5).
Sodium thiosulphate solution was prepared by dissolving 
prismatic rice with 1 gm of sodium carbonate added per every 
250 gm of sodium thiosulphate. The solution was allowed to 
stand at least one day before titration. Standardized potassium 
dichromâte solution v;as prepared by dissolving 4.903 gm. of pure 
dry salt in distilled water and diluting to 1 1 (yielding a 0.1 N 
solution). Twenty-five ml of dichromate solution was pipetted 
into a 500-ml Erlenmeyer flask containing 50 ml of water, 10 ml 
of concentrated hydrochloric acid, and 3 gm of potassium iodide. 
The reaction was allowed to proceed in the dark for 5 min. The 
solution was then diluted to 400 ml and titrated with sodium 




This CSTR system was formulated by applying mass and 
energy balances. Numerical solution was obtained by computa­
tion on the PDP 10 computer. Coding was done in Fortran IV.
Assumptions
Several assumptions were made in developing the mathematical 
model in order to simplify the calculations.
Perfect Mixing : The reactor was stirred by two 6-bladed
turbine impellers of 1 1/8- and 1 1/2 - in. diam. The speed 
was greater than 500 rpm. For a 4-in.-diam and 486-ml-capacity 
reactor, perfect mixing should have been attained. The inlet 
tubes were placed at the bottom of the reactor to reduce any 
by-pass effect.
Adiabatic : The CSTR system was considered adiabatic. The
reactor wall was well insulated with 1-in.-thick plastic foam.
The top of the reactor was left open to the atmosphere. The 
convective and radiative effects were assumed negligible.
Constant Volume ; After the reactor was filled, the inlet 
and outlet streams were considered equal. The volujne was checked 
in 10 runs. It did not remain exactly constant because of 
stirring. However, at no time did the volume differ from the 
average value by more than 3 percent.
17
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Constant Physical Properties : Since homogeneous aqueous
solutions were used, physical properties were assumed constant. 
With a maximum temperature change of 40 deg K, the variation 
was expected to be less than 1 percent.
Constant Flow; The flow rate of the feeds did fluctuate. 
Any alteration was adjusted constantly during the experiment. 
The sodium thiosulphate stream was quite steady. The hydrogen 
peroxide stream was very difficult to hold aonstant due to the 
formulation of oxygen bubbles by the decomposition of hydrogen 
peroxide. The fluctuation was as great as 10 percent in some 
instances.
No Time Delay : There was time delay in the instrument and
the equipment,but since the delay was not measured in the 
experiment, no time delay was incorporated in the calculations.
Mass Balance
The concentration of sodium thiosulphate was calculated 
using a mass balance. The calculation was done in three stages 
as follows :
Filling the CSTR
Filled stage to steady state stage 
Upset in concentration and/or Flow Rate,
Filling the CSTR: Mass balance on component A gives
Accumulation = Flow in + Generation
+ A t  - 70*11 = - k (0^)03] At, (1)
where V|^ = 2 Qt, (2)
^It + A t  = + 2QAt, (3)
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Since the reaction was A + 2B products, and defining
^A == ^AO "
^B ~ ^BO “ 
gives 2X^= Xg.
Hence,
2(C^0 - °a) = °B0 - °B 
‘̂ AO “ °B0 »
Therefore,
2(C^0 - °a) = ^AO - °B,
°B = °Ao - 2(Ca o - Ca),
°a (°B> ^ «AOCA - 2Ca (Ca O " °A>«
°a (S> = 2C1 - C^o^A. (4)
Substituting eq (2), (3) and (4) into eq (1) and simplify,
° a | t  + A t  = (VCA + QCA(At -  kV(2c2 _ C^qC^) A t ] /  v | ^
(5).
Filled Stage to Steady State Stage ; At this stage 
overflow occured and the volume remained constant. Mass balance 
on component A gives
Accumulation = Flow in + Flow out + Generation,
V(CA| t  + A t  -  C & l t )  = [SC^O -  k(CA)(CB)V -  2QC^] A t
(6).
Substituting eq (4) into eq (6) and simplifying,
°A|t+At = h ° A  + QO^o/ït - kV(2c2 - C^oCA)At - 2QC^At] /V.
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Upset in Concentration and/or Plow Rate ; Equation (6) is 
valid for this situation. However, eq (4) is not valid in this 
case because the initial concentrations were changing. Therefore,
°a | t + At = [VCA + - kV(C^)(CB)At _
2QC^A-t]/V. (7)
«Bit + A t  = [vCg + QCj^gAt - kV(C^)(C3)At -
2QCĵAt] A. (8)
The equation (7) and equation (8) must be solved 
simulataneously.
Energy Balance
After the concentrations have been calculated, the 
temperatures of the reactor at different times can be computed. 
This calculation is also divided into 3 stages as in the 
^ass Balance section.
Pilling the CSTR; Overall energy balance yièlds
^ e V l t  + A t  - v i t  ={2Q.e V i  + k(C^)(C3)VAH] At.
(9)
Substituting eq (4 ) into eq (9) and simplify.
T t+ At' VT + 2QTĵ  At + ~ CAC^A^^^^H AtÇC, a|
(1 0)
t + A t .
Pilled Stage to Steady State Stage : Overall energy balance
in this case gives
êvl t+At - V t  = [2QÇCpT^ -  2QÇCpT +
1c(Cĵ ) (C3 )VA h ]  A t .  (11)
Substituting (4 ) into (11) and simplifying,
2QT. - 2QT + k(2c| - C^QC^)VAHAt tT
(12)
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Upset in Concentration and/or Plow Rate ; The equation is 
the same as the previous case except eq (4) does not apply. 
The final equation is





R E S U L T S
The experimental data is tabulated in Appendix I. The 
pH value of run No. 1 is presented as an illustration. 
Computer results of the mathematical model are recorded in 
Appendix II.
For easy comparison, the experimental data and the 
computational results of each run are plotted on the same 
graph as temperature vs. time. They are presented in 
Figure 3 to Figure 12,
The concentration of sodium thiosulphate in the reactor 
has been computed and presented in Appendix II, The 
concentration of hydrogen peroxide can be easily calculated 
from these results. However, since it is impossible to 
follow the concentration of either the sodium thiosulphate 
or the hydrogen peroxide in the reactor experimentally, no 
comparison of the computed values can be made.
The time delay after the upset was incorporated in the 
graphed results. This was done by delaying the computed 
upset results by the amount of time that would take the new 
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C O N C L U S I O N S
In general, the mathematical model did predict the 
temperature profile. This discrepancy shown could be contributed 
by any or all of the reasons discussed below.
Inaccuracy in the reaction rate expression would be 
very probable because the rate expression used was based on 
one person's (Spencer's) research alone. The expression was 
derived from the case where hydrogen peroxide was always in 
excess. For this research, the starting concentrations of 
sodium thiosulphate and hydrogen peroxide were about equal.
Hence, sodium thiosulphate would, be always in excess in the 
reactor. Furthermore, Spencer (l961, p.101) found the 
activation energy to be 18300 cal per gm mole but Sandved and 
Holte (1938) found the activation energy to be 15700 cal per 
gm mole.
Inherent error in the equipment was significant. The 
recorder had been checked against mercury thermometers. The 
discrepancy was approximately 1.2 deg K when measuring 
temperatures above 305 deg K. The reference point (zero 
voltage) was found to be shifted after each run. The migration
43
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corresponded to about + 0.5 deg K. The copper-constantan 
thermocouple accuracy was guaranteed only up to + 0.83 deg K.
Time lag in the instrument was inevitable. Although 
the delay was not measured, it was estimated to be about 
10 to 20 sec depending upon change.
The temperature of a bottle of water, placed next to 
the feed bottles, was taken to be the feed temperature. This 
might introduce some error but was not considered significant.
There was heat leak in the CSTR system due to convection, 
conduction, radiation and evaporation to the surroundings. 
However, the effect was small.
Titration results might not give actual concentration. 
This should be less than five percent.
Considering all the possible errors which might occur, 
the mathematical model could be said to be corresponding to 
the actual CSTR system. At no place was the discrepancy to 
exceed 2.5 deg K, while the instrumental error alone could 
contribute upto 2.5 deg K.
T-1499
N O M E N C L A T U R E
A Sodium thiosulphate
B Hydrogen Peroxide
C^ Concentration of sodium thiosulphate (gm-mole/l)
^Ass Concentration of sodium thiosulphate at first
steady state 
C^O Initial sodium thiosulphate conc.
Cg Concentration of hydrogen peroxide (gm mole/l)
^Bss Concentration of hydrogen peroxide at first
steady state.
CgQ Initial hydrogen peroxide conc.
Cp heat capacity (cal/gm-deg K)
k Reaction constant (l/mole-sec)
Q Plow rate (l/sec)
T Temperature (deg K)
Tĵ  Inlet temperature (deg K)
t Time (sec)















Upset: C^Q changed to 0.436 mole/l 

















Table 2 Results of Run No. 1
























































































Q = 0.00133 l/sec 
C^Q = 0.168 mole/l 
Obo = 0.175 mole/l 
= 299.7 deg K 
Upset; C^Q changed to 0.436 mole/l 
OgQ changed to 0.437 mole/l
Table 3 Results of Run No. 2 































































Q = 0.0025 l/sec
C^Q = 0.168 mole/l
CgQ = 0.175 mole/l
= 301.5 deg K
Upset: C^Q changed to 0.436 mole/l
Obo changed to 0,437 mole/l
Table 4 Results of Run No. 3


































Q = 0.00133 l/sec
C^Q = 0.168 mole/l
Cgo = 0.175 mole/l
Tj. = 298.8 deg K
Upset: changed to 0.436 mole/l
OgQ changed to 0.437 mole/l







































Q = 0.00133 l/sec
0^0 = 0.436 mole/l
Cjgo = 0.437 mole/l
= 297.3 deg K
Upset: changed to 0.168 mole/l
Obo changed to 0.175 mole/l
Table 6 Results of Run No. 5 















































Q = 0.00133 l/sec
^AO ~ 0.168 mole/l
Cro = 0.175 mole/l
= 297.8 deg K
Upset: C^Q changed to 0.436 mole/l
CgQ changed to 0,437 mole/l
Table 7 Results of Run No. 6

































































Q = 0.0025 l/sec
G^O “ 0.436 mole/l
OgQ = 0.437 mole/l
= 296.0 deg K
Upset: O^Q changed to 0.168 mole/l 
CgQ changed to 0.175 mole/l
Table 8 Results of Run No. 7














































Q = 0.00167 l/sec
= 0,168 mole/l
Obo “ 0.175 mole/l
= 296.8 deg K
Upset: C^Q changed to 0,436 mole/l
C^Q changed to 0.437 mole/l'
Q changed to 0.00333 l/sec
Table 9. Results of Run No. 8








































Q = 0.00167 l/sec 
0^0 = 0.436 mole/l
CgQ = 0.437 mole/l
Tj, = 296.8 deg K
Upset: O^Q changed to 0.168 mole/l 
OgQ changed to 0.175 mole/l 
Q changed to 0.0033 l/sec
Table 10. Results of Run No. 9















































Q = 0.00353 l/sec
0.257 mole/l
®B0 = 0.257 mole/l
h  = 299.1 deg K
Upset* changed to 1.25 mole/l
CgQ changed to 1.25 mole/l
Table 11 Results of Run No. 10 






































A P P E N D I X  II
Computer Program and Print Out
67
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DIMENSION C ( 2000 CB ( 2(j00 ), T ( 2005» ), CC ( 2000) I TT( 2000 ),TM( 20150)
J*P
read (3,1) CI,0,nT,TI,CCI,OQ 
FORMAT <6F)











C< N + l ) s C ( N ) « ( V V - 2 . » 0 » D T ) / V V * A r B
AAE(2.eO*Tl»DT)/(VV)
BBsB*DH/1000.
T(N*l)=T(N)»(VV-2i»Q«DT)/VV+AA*B8 N?N + 1
IF(VV»V)2,3,3
CALCATIONS FROM FILLED TANK TO THE STEADY STATE 
L®N







gPSET IN FLOW RATE OR/ANO CONCENTRATION
CB(1)=2,«C(601)-C1/2.
CC(1)sC(601)
T T ( 1 ) 5T(6?1)











7 F0RMAT(9H1 RUN NO,,I )WRITE (5,1.1)
0 FORMAT(6H0 TIME,sXi 11HTEMRERATURe ,5X,13HC0NCCNTRaTJ0N)





WRITE (5,12) (TN(U) ,T(N) ,C('J) ,N* 1,601, 3H)
2 FORMAT (F6.1,6X,F6.1,SX,F9.4,/)WRITE(5,16)




GO TO 20 
5 STOP
END
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